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* Polynitrogen compounds contain only nitrogen atoms and
are expected to have unusual properties. Most important
among these are: :

April 1, 2004

3 High detonation velocity

Inorganic Division ~ Main Group Chemistry, 227" National ACS Meeting, Anaheim-CA, April 1, 2004

Why Polynitrogen Compounds ?

S e e e s s S

High endothermicity

“Green” propellant

“combustion” product is only gaseous N,
High density

High Is, values when compared to other
monopropropellants or bipropellants

Approved for public release, distribution unlimited 2
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N i N N

Resonance Structure

N2 makes contacts at 2.723 and 2.768 A
N4 contacts are at 2.887 and 2.814 A

Inorgarnic Division ~ Main Group Chemistry, 227" National ACS Meeting, Anaheim-CA, Aprit 1, 2004
April 1, 2004 Approved for public release, distribution unlimited

(In)Compatability of N+

i s

Attempts to couple Ng* with 'energetic anions
can result in explosive reactions !!!

Ns*Ns  Ng*CIO,

N;*N(NO,),-

Our goal is the synthesis of an “aromatic” polynitrogen anion with
* A high first ionization potential '

* A high activation energy barrier towards decomposition

‘Inorganic Division ~ Main Group Chemistry, 227 National ACS Meeting, Anaheim-CA, April 1, 2004
Aprit 1, 2004 Approved for public release, distribution unlimited




New Polynitrogen Anions as
Counterparts for Ng+ |

AN I T e

P

Pentazole anion (Ns')

* Theoretical calculations show that this
anion has a 28 kcal/mole activation energy
barrier for decomposition and its il
decomposition to Ny and N, is only 11 Ng/ 28 keal
kcal/mol exothermic IRl L S

* Free pentazole has not been isolated to Energy
date. Only aryl substituted pentazoles can T1keal 3
be isolated and stabilized atlow | [ |~ ° e
temperatures. These compounds rapidly Ny + N,
decompose above 273K to form aryl azides
-and N, gas R -

Inorganic Division — Main Group Chemistry, 227™ National ACS Meeting, Anaheim-CA, Agril 1, 2004
April 1, 2004 ) . Approved for public release, distribution unlimited 5

 Synthetic Challenge — How do we make |
These New Anions?? | &

Synthesis of Subéti_tUted Pentazoles |
Sources for the Pentazole Anion (N5)

A\

Silyl Diazonium Saits Aryl Diazonium Salts

R =electron .
releasing group +N3

Unknown " N :

Inorganic Division - Main Group Chemistry, 227™ National ACS Meeting, Anar&lhmﬁl,h\pril 1, 2602
April 1, 2004 Approved for public release, distribution unlimited 6




Formation and Stability of Silyl
‘ Dzazomum Salts

* Falled attempts to synthesize silyl diazonium salts

-Me,SiF
N F'SbF¢ + MesSiSiMe; ——»  Me;SiN,*SbF,

* RgSIN,* salts are unstable and spontaneously lose
N2

, N
R5SiN,* X —2 [R3Si+ XJ

Theoretical calculations support this experimental observation

Inorganic Division ~ Main Group Chemistry, 227 National ACS Meeting, Anaheim-CA, April 1, 2004
April 1, 2004 Approved for public release, distribution unlimited

7
\\_\;j“ Synthesis of Aryldiazonium Salts

-y

Aqueous Media

NaNO,/HCI NaBE,
NH, —™> C] "_—"'"' N,*BFy
<0 °C '

[ R = H, OH, OCH,, OC,H,, OC,H,N,", N(CH), |

Non-aqueous Media

1soamyl nitrite
N;*CR;,CO0
CF3COOH

CH,Cl,

Incrganic Division - Main Group Chemistry, 227" National ACS Meeting, Anaheim-CA, Aprit 1, 2004
April 1, 2004 Approved for public release, distribution unlimited 8




Pentazole Formation...

Not a Trivial Chore H!

S/ ’ i x;"NaNO;[/I;I
MeN NHy i

~0 ICiilNaN; ¢

Inorganic Division — Main Group Chernistry, 227™ National ACS Meeting, Anaheim-CA, Aprit 1, 2004
April 1, 2004 Approved for public release, distribution uniimited 9

o7  Identification of Arylpentazoles
o '

servDe b oA S Z 3 oy

Pentazoles can be characterized by low temperature NMR
spectral studies using >N labeled samples.

* THNMR: AB-type spectrum with H, and H,
at 8.0 and 7.0 ppm

* “NNMR: N, at~-80ppm

* BNNMR: Ny/Nj;at~-27 ppm and NyN, at ~4
ppm

Note: Qualitative evidence for the presence of a pentazole
ring: N, gas evolution in solution

Inorganic Division — Main Group Chemistry, 227 National ACS Meeting, Anaheim-CA, April 1, 2004

Aprit 1, 2004 Approved for public release, distribution unlimited 10




Cleavage of the Aryl-Pentazole Bond
with Retention of the Pentazole

R —

e e

)

Ugi, Radziszewski
in, P Kszynski an ad ki

Ring

> Nucleophilic substitution using strong
nucleophiles such as the OH-, OR-, F-efc.

* Collisional Fragmentation (ElectroSpray lon Mass
Spectroscopy — ESIMS)

> Electrospray is very gentle and produces high
concentration of the parent anion which can be mass

Weakest

selected bond
> Negative ion detection eliminates interference from Nu
neutral or positively charged species
o = : R
Inorganic Division — Main Group Chemistry, 227% National ACS Meeting, Anaheim-CA, April 1, 2004
April 1, 2004 Approved for public release, distribution unli 11
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MSMS of the Parent lon Peak

78,0
re .

. ”N Labeled

| ) SR 52,0 clsfs 658 706 702 704
¥ 71.0 e . 70.0
14 P |

50 100 - -

Tl Usitabeled

150 , 50 100 150

m/z
stry, 227™ National ACS Meeting, Anaheim-CA, Aprit 1, 2004

April 1, 2004 Approved for public release, distribution unlimited

12




CH,—N-CH, o
' CH,

Intense blue
solution

Not Isolated

O

Formation of azide from decomposition of N,-

Inorgamc Dmsxon Main Group Chemistry, 227" National ACS Meeting, Anaheim-CA, April 1, 2004
April 1, 2004 Approved for pubiic release, distribution i

Aryl-pentazole bond cleavage:
N; anion in Solutlon

w
“D4Ciz
Current Data Parameters
30 C SR = 15576 07 NAME
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°
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Inorganic Division ~ Main Group Chemistry, 227™ National ACS Meeting, Anaheim-CA, April 1, 2004
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Subsequent Decomposition of the
Pentazole Anion

axsazy
g : ;" : : b4 : r': Cllr ent I:I:l Patansters
- ] &  e¥avwe Pypencaoy
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Pentazoles with Heterocyclic
Substltuents

Tetrazolyl system is unstable above -70 °C and the
pentazole ring rapidly decomposes to liberate N, gas.

" \ Ni: i NaNOz/HCl
> 2
\ ii. —70 °C, LiN;*

H

1C O L

ln comparison, the pentazole ring derived from 2-amino- 4,5-
dicyanoimidazole shows higher thermal stability (-30 °C)

April 1, 2004

TVISTOTT = Tv1amT Group Cnenm Ty, 2277 NalOar RCS VIgEy; R, AT, 200
Approved for public release, distribution unlimited -
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» 15 - 4 5. .
i N NIMR of 2-pentazolyl-4,5 dlcyano

~ lmldazole
3

25.361
~72. 485

N-N=1.096

————— 4,189

é /54—@

T
. -80

*N NMR recorded in a mixture of methanol and acetonitrile at -30 °C
nitromethane used as an external reference (0 ppm)

Inorganic Division — Main Group Chemistry, 227% National ACS Meeting, Anaheim-CA, Aprit 1, 2004
April 1, 2004 - Approved for public release, distribution unlimited
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> 8N NMR shows a peak at ~ -10 ppm (-30 °C) upon addition of base, which slowly
decomposes to form N, and azide ion.

> This peak is also observed upon adding a base to the solution of arylpentazoles at -30 °C.

Inorganic Division = Main Group Chemistry, 227" National ACS Meeting, Anaheim-CA, April 1, 2004
April 1, 2004 Approved for public release, distribution unlimited
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> ESIMS of para-hydroxyphenylpentazole

Vij, Pavlovich, Wilson, Vij, Christe, Angew. Chem. Intl. Ed. Engl 2002, 41, 3051
Submitted: April 30,2002; accepted July 3, 2002

> BN NMR studies showing a peak at -10.2 ppm (-40 °C) due to the
Pentazole anion resulting from cleavage of para-methoxyphenylpentazole
which slowly decomposes to form N2 and azide jon. Upon standing for
several days, all peaks dissappear!

Butler, Stephens & Burke, Chem. Commun. 2003, 1016
Submitted: February 6, 2003; accepted Februdry 27, 2003

> Laser Desorption Ionization (LDI) time-of-flight (TOF) mass spectrometry
of solid para-N,N-dimethylaminophenylpentazole shows peaks at m/z: 70
(Ny) and -42 (Ny). Peak at 70 confirmed by N labeling experiment.
Ostmark, Wallin, Brinck, Carlqvist, Claridge, Hedlund & Yudina,
) Chem. Phys Lett., 2003, 379, 539 -
Submitted:Jun. 27, 2003; accepted August 27, 2003
Inorganic Division — Main Group Chemistry, 227" Nalional ACS Meeting, Anaheim-CA, April 1, 2004
April 1, 2004 Approved for public release, distribution i 19

What are “normal” N-N distances in
L azides?

o) 1 R

A EUROPEAN JOU

16/2

BWILEYVCH

EYETr—

Inorganic Division - Main Group Chemistry, 227™ National ACS Meeting, Anaheim-CA, Aprit 1, 2004
April 1, 2004 Approved for public release, distribution unlimited
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Abnormalities in azide distances:
Artifacts or Structural Contaminants?

v" Inmost cases, these derivatives were prepared from.
metal chloride salts and/or recrystallized from
chiorinated solvents

Inorganic Division - Main Group Chemistry, 227" National ACS Meeting, Anaheim-CA, April 1, 2004
April 1, 2004 N

Approved for public release, distribution unlimited
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N 7 Reactivity of hexachloroantimonate (Vi)
N - with Trimethylsilylazide

April 1, 2004

.. -Me;SiCl
[Ph,MI[SbCl] + Me,SiN, Eif& [PhyM][SbCl5,(N3),]
60 °C M= P, As; x=2-6

refreshment” cycles of the reagents, During the

intermediate cycles, the azide content gradually increased
| fromtwo to five.

Inarganic Division - Main Group Chemistry, 227% Nationial ACS Meeting, Anaheim-CA, April 1, 2004
Approved for public refease, distribution unlimited




The tetraphenylarsonium
antimonychloride azide case

— T

i Al AT ek

parameter - 0.63(‘])

’ Inorganic Division — Main Group Chemistry, 227" National ACS Meeﬁng, Anaheir'n-CA, April 1, 2004 :
April 1, 2004 Approved for public release, distribution unlimited 23

® Synthesized aryl pentazoles: hydroxy group at the para-
position on the aryl ring gives the best results as observed

during this study.

® Demonstrated selective cleavage of C-N bond by ESIMS
with retention of pentazole ring. Results confirmed
studying "*N labeled pentazoles.

* Experimental detection of pentazolate anion in solution
using different substrates.

*  Offers potential pathway for bulk synthesis of Ng- salts

® Chioride ion cause abnormalities in N-N bonds in azides

Inorganic Division - Main Group Chemistry, 227" Nalional ACS Meeting, Anaheim-CA, April 1, 2004
April 1, 2004 Approved for public release, distribution unlimited : 24
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* Combine a polynitrogen cation with a polynitrogen anion to
form a neutral polynitrogen compound.

Ne + N, Nioy

ONLY TWO STABLE POLYNITOGEN IONS KNOWN TO EXIST

IN BULK
Cation Anion
B + -
A m
Ns* cation R Nj ‘_a,’nion

' (discovered in 1999, AFRL, Christe) (discovered in 1890, Curtius)

Inorganic Division — Main Group Chemistry, 227" National ACS Meeting, Anaheim-CA, April 1, 2004
April 1, 2004 Approved for public release, distribution unlimited ’

X j Episode I...Generation of the starting

Y material
.
1,2-DCE ,
PhMCl  + SbCly  —  [PhyM][SbCl]
M=P, As
cl ©

Clh.,.h l .-l“'Cl
"'Sb"'\
a , Cl
Cl

Inorganic Division ~ Main Group Chemistry, 227™ National ACS Meeting, Anaheim-CA, April 1, 2004
April 1, 2004 Approved for public release, distribution unlimited




\ j Episode II....cis- or trans- disubstitution
N7 with azide groups7 &

Ny

Cis-isomer. "

inorganic Division — Main Group Chemistry, 227 National ACS Meeting, Araheim-CA, f
April 1, 2004 Approved for public release, distribution unlimited . 35

4 Episode lll...Substitution of 3 chlorine...
C fac- or mer- lsomer ?22?

Inorganic Division - Main Group Chemistry, 227t National ACS Meeting, Anaheim-CA, April 1, 2004
April 1, 2004 Approved for public release, distribution unfimited 36




Episode VI...Complete substitution of
chlorme atoms

. | —’e
No crystal structure obtained N;
yet. However, IR and Raman Na ’ N
spectroscopy shows that Sb-Cl | 3, a3

substitution by the azide
groups.

bonds are absent i.e., complete ‘ “'Sb"'\
- . N 3/ , N,

Inorganic Division - Main Group Chemistry, 227" National ACS Meeting, Anaheim-CA, Apnl 1,2004
April 1, 2004 Approved for public release, distribution unlimited -
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—
MSMS
High Collison } : ) .
Voltage '~ * -C¢H,O /N—l‘{ ~N,
—> Jeoy —I» Ny
R -
‘iz =162
m/iz=70 m/z = 42

Inorganic Division ~ Main Group Chemistry, 227™ National ACS Meehng Anaheim.
Approved for public release, distribution unlimited 28
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Episode V: Synthes:s of

Chloropentaaz:doantlmonate( Vl) Amon

115.807(4)2
{ =2
v R=0.0762

N10-N11-N12 -

v’ All azide distances “normal” except

Approved for publlc release, distribution unlimited

4, 227" National ACS Meeting, Anaheim- CA Aan 2004

37

April 1, 2004

N3
(CH3)3SiN3 - N2
—(CHjy)5SiF
PAN
BF; R

X=N, O
No pentazoles were isolated !!!

Reactions carried out in acetonitrile at -30 "C

inorganic Division - Main Group Chemistry, 227" National ACS Meeting, Anaheim-CA, April 1, 2004
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